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Procedures  of  Testing  the  Eidstence  of 
"’.'forst  Arrangement"  in  Machine  DlTS— 21 

Coaputer-I'athematics  Teaching  and  Research  Center 
Dspaidanent  of  Mathematics  and  Mechanics 
Sun  Tat-sen  University 


I,  Purpose 


"Worst  Arranganent"  is  at^ present  time  a relatively  accurate 
method  to  test  magnetic  core  memory.  It  can  be  used  to  test  the 
capability  of  resisting  serai-selective  interference  of  machine 
DJS-21. 


II,  Considerations  of  Worst  Code  Arrangement 


In  the  magnetic  core  memory  of  thrice-forbidding  current 
coincidence  method,  the  cores  can  possibly  fal^  Into  the  following 
six  different  conditions: 

(1)  "I"  - the  condition  of  storing  "I"  in‘'orraation  arter 

"1"  has  been  written  on  the  core. 

(2)  "IR"  - the  condition  of  stable  remanenoe  after  "I" 

information  core  receiving  n-time  of  reading 
seml-selectlve  interference. 

(3)  "IW"  - the  condition  of  stable  remanenoe  after  "I" 

information  core  receiving  n-tlme  dipolar 
seoil-seleotlve  interference* 

(4)  SO"  - the  condition  of  remanenoe  after  "0"  .'has  bdii" 
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written  on  the  core 


(5)  "OR"  - the  condition  of  stable  remanence  after  "0" 

information  core  receiving  n-time  reading 
semi-selective  interference. 

(6)  "OVf*  - the  condition  of  stable  remanence  after  "0" 

information  core  receiving  n-tine  dipolao* 
semi-selective  interference. 


• », 

u 


It  is  obvious  that  the  magnetic  cores^v under  different  remanence 
conditions,^  the  dimension  of  their  semi-selective  interference  simals 
caused  by  semi-selective  reading  current  are  not  the  sane.  In  order 
to  enable  the  signals  of  interference  prod  iced  by  the  semi-selective 
cores  on  the  reading  cord  to  cancel  each  other,  the  reading  cord  must 
in  opposite  directions  pass  through  two  cores  In^same  line  or  same  row 
in  the  core  matrix  (see  a and  b in  Figure  2).  Thus  the  reading  signals 
on  the  reading  cord  arei 

Among  them  ei  is  the  reading  signal  of  the  selected  core. 
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©2  is  the  seni-selectlve  interfere'- ce  si-Tials 
of  two  cores  w'llch  can  not  cancel  each  other. 

©3  is  the  excess  seni-selective  interference 
si/rnal  of  two  cancelled  cores  (t’  e difference  of 
two  ser.i-selective  interference  si'mals).  ^irther 
discussion  of  03  will  be  our  focal  point  hereafter. 

It  seens  that  if  all  the  ceres  are  of  sane  quality,  ©3  can  be  0. 
Rut  it  is  in  fact  not  so,  ?br  Instance,  of  t"e  two  cancelled  cores, 
one  is  in  the  condition  of  "W*  and  the  other  in  "OR”,  and  from  Figure 
1,  it  can  be  seen  that  the  senl-selective  Interference  signals  produced 
by  the  two  cores  are  not  identical,  (this  is  the  main  reason  wipr 
©3  is  introduced).  As  a matter  of  fact,  however,  it  is  hardly  possible 
to  make  all  the  cores  completely  s.ane  in  quality. 


If  some  informations  are  distributed  in  a core  matrix,  and  when 
the  reading  selected  core  is  "I"  s^'anal,  the  polarity  of  all  inter- 
ference si'-'nals  of  63  will  be  contrar:,'  to  that  of  "I”  signal.  When 
readln"  selected  core  is  "0",  the  polarity  of  all  interference  signals 
of  e^  will  be  same  as  that  of  "0"  signal.  Such  signals  are  the 
minimum  "I"  signal  and  maximum  ”0"  signal,  and  they  can  be  formulated 
respectively  as  follows t 


i C*,i,  “I#,— (•“  1)*|3 
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This  kind  of  code  arrangement  is  called  "’.forst  flrran'^enent'*. 
Obviously,  when  it  is  '•’./orst  arranrenent”,  the  ratio  of  "I"  reading 
sirmal  and  "0"  reading  sif^nal  is  lowered.  It  is  one  of  the  factors 
that  are  not  nood  to  internal  stablization. 

A 

To  combine  with  the  structure  of  the  ma-metic  core  plate  of 
mac'^ine  DJS— 21,  in  a pattern  of  ^ x cores,  it  can  nark  out  the  cores, 
as  illustrated  in  Fi-aire  3,throu;^h  w*“ich  a reading  cord  passes  and 
the  worst  code  arran'-ement  on  a plate. 

000  o'  1111 

• 1111  0000 
looi  0110 
1001  011.0 
1111  0000 
0000  ..1111 
0 110  •!  0 0.1 

0 

III.  Implementation 

In  order  to  obtain  minimum  ''I"  reading  signal  and  maximum  ”0” 
reading  signal,  in  addition  to  arranging  informations  in  accordance 
with  the  diamram  of  "Worst  Arra:Tgement'’,  the  cores  must  be  put  in 
a specially  designed  condition  of  remanence.  In  other  words,  the 
soml-selected  cores  which  store  "I"  information  are  put  in  the  condition 
of  "IW"  and  those  store  "0"  information  are  put  in  the  condition  of 
"OR",  Only  if  "0"  is  written  on  one  core  outside  the  two  drive  cords 
which  pass  through  the  selected  cores,  all  the  cores  on  the  drive  oords 

jgVWMlASlt  COP'f 
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will  be  in  the  condition  of  '•0”’.'*  or  •*171”,  Then  by  writing  **T”  on 
the  unit  din  onal  to  the  core  of  "I"  information,  t'^e  cores  which  are 
in  the  condition  of  "IR"  will  transfer  to  that  of  !^r  the 

meaning  of  diagonal  unit,  see  Figure  4*  According  to  the  diagram  of 
"Worst  Arrangement",  the  cores  of  "I"  information  on  the  two  drive 
cords  which  pass  through  the  checked  units  are  equivalent  and  compensatory 

I 

to  each  other.  When  the  cores  which  return  to  condition  of  "IT/"  are  ^ 4 


identified  as  A and  B,  then  outside  those 
two  drive  cords,  there  is  a omit  c.  Let 
t'le  two  drive  cords  which  pass  through  c, 
again  respectively  pass  through  A <and  B,  the  ‘ 
unit  c is  a diagonal  unit. 


"rr 


analyzing  Floure  3,  it  can  be  found  out  thst  the  reading 
signal  of  the  selected  cords  and  the  interference  signal  of  03  are  of 

«r 

sane  polarity.  This  means  that  the  Interference  of  03  ampiUfies  "I" 

signal  and  depreciates  "0"  signal.  So  the  rinfomation  stored  in  the 

* ^ 

cores  of  the  checked  units  should  be  reversed  in  advance.  ’ 

• ' < • • 

In  sh<«d;,  for  : achieving  J^Vforst  Arrangement",  the  following 

• “T 

steps  must  be  taken:  , ^ , 

(1)  Based  on  the  ad  ress  of  the  cHecJced  units  and  according  to 
the  diagram  of  "Worst  Arrangement"  to  distribute  codes  incline  and 
ro:^  wk'lte  down  the  address  of  the  unit  idiere  "I"  is  distributed, 
then  return  the  codes  of  the  cheeked  units. 

(2)  Write  "0"  on  a diagonal  untt  nearing  the  cheeked  unit. 
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(3)  Write  "I"  in  order  on  the  dia~onal  units  to  lino  and 


• row  "I". 

■'If  the  code  arranpenent  as  illustrated  in  Firrure  3 is  re<~Trded 
as  •’Worst  Arr-’nger'.ent",  w^ien  the  codes  are  taken  back,  it  will,  for 
the  sane  reason,  result  in  a ’’Worst  Arran^enent’’,  Therefore,  there 
are  A .and  B two  di*’ferent  d'arrrams  of  "Worst  Arran ~enent". 


1 0 110 

10  0 1 

10  0 1 

0110 

'^  0 0 0 0 

1 i 1 1' 

till 

0 0 0 0 

1111 

0000' 

0 0 0 0 

1111 

10  0 1 

0 110 

0 110 

10  0 1 

10  0 1 

0 110 

0 110 

loot 

1111 

0 0 0 0- 

0 0 0 0 

till 

0 0 0 0 

1111 

1 1 1 1 

0 0 0 0 

0 .1  1 0 

10  0 1 

tool 

0 110 

A B 


In  oakinjT  arraaf’ement,  only  the  cores  on  the  selected  drive  cords 
catch  our  attention.  When  the  dia'Tan  of  "Worst  .Arranr'ament"  is  exaninod 
in  dtttail,  it  can  be  seen  that  the  pa terns  of  the  codes  on  the  drive 
cords  of  sane  direction  are  Iwt  one  of  the  two  forms  or  one  of  their 

reversed  orders.  In  A,  ^or‘ etxannle,  the  pattern  of  the  codes  on  drive 

« 

cord  following  direction  x is  one  of  0110  1001  and  0000  1111  or  1001 
0110  and  1111  0000.  Thus  the  address  codes  of  the  dr’ve  cords  which 
differentiate  direction  x and  y can  determine  what  pattern  of 
arranrement  sho\ild  be  in  a checked  unit.  The  codes  arrangement  in  a 
core  matrix  of  64  x 64  is  but  a cycle  of  expansion  of  the  codes  in  a 
core  matrix  of  8 x 8 toward  direction  x and  y. 

We  take  the  address  codes  D7,  Dji^,  and  Qj  as  basis  to  determine 


W';at  pattern  should  be  made  on  drive  cord  x,  and  D^,  D^,  and  Dj  to 
determine  what  pattern  should  be  made  on  dr'^ve  cord  v.  The  "line"  in 
the  following'  box  dia  -ram  represents  direction  x and  the  "row"  represents 
direction  7, 

IV.  Application 

(1)  In  order  once  to  test  one  single  unit,  there^  set  up  several 
switches:  K^,  K^,  and  K^.  Thev  be'-ln  to  work  only  after  the  paper 
tane  has  been  inserted  and  started  the  1000  band, 

Ki  = K2  = = 0 hour,  test  \init  1. 

= 1 hour,  test  iinit  2. 

K2  = 1 hour,  test  unit  3- 

Kj  = 1 hour,  test  unit  4, 

Hereafter,  if  K5  = 1 hoiar,  test  a/rain  one  of  the  present  units 
(based  on  the  instantaneous  value  of  K5).  If  = 0 hour,  then  test 
1-2-3-4-1  units  foUowinr  their  order  in  rotation.  It  takes  about 
6 minutee  to  test  one  unit, 

(2)  According  to  the  content  of  the  tested  units,  the  tot^ 
number  of  tests  in  this  program  is  32,  before  each  test,  the  core  is 
brought  back  to  the  condition  of  reman ence  of  the  original  arrangement. 
When  an  error  is  found  in  the  test,  it  then  stops  at  lODl  riaht  (or 
lOCK  and  cuu  bright).  At  this  time,  the  error  can  be  fotxnd  in  the  1:1 
ratio  content  of  the  register.  The  address  of  the  error  unit  is  at 
1028  right. 
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(3)  There  rire  different  wa^’-s  to  apply  this  pro-Tam,  Start 


1000  if  there  is  an  intra-broadeninfr  device;  otherwise  be"in  with 
1031.  ’W-th  the  latter  K2,  JC,,  and  will  not  work. 


(4)  Pro  Tam  punched  address:  1000-10E9. 


Instiaiction:  200  words  in  total 
Constant:  2S 
Iferkino  'onit: 

In  the  box  diarram,  the  operation  should  be  adjusted  according 


to  different  units.  The  address  in  the  prorram  refers  to  the  situation 
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GaAsi_xPjj  Luminous  I^aterlals  of  Open- 
Pipe  Zinc  Di ‘'fusion  and  Plone-T'/pe 

Lei  Chien-chunc  Lo  Chu-shenr’ 

Sun  Hsiao-hunr  Chia  Hsfleh-chfln 

Students  of  Specialized  Semiconductor 
Class,  Department  of  Physics 
Sun  Yat-sen  University 

Solid  and  liuninous  articles  of  various  colors  and  shapes  made 
of  \/ide  forbidden  band  semiconductor  and  fljp'rescent  materials  are 
now  beiny  widely  used  to  make  indicatinfr  pieces  in  electronic  industiyr. 
The  material  has  such  characteristics  as  lony  d’lrability,  hiyh 
reliability,  low  cost,  small  size,  and, above  all,  it  is  eas7’’  to  be 
processed  into  various  indicating  articles.  At^ present  time,  the  red 
electroluminescent  material  GaAsi_xPx  is  one  o'*  the  kind  vdilch  is 
vised  most  widel?r, 

GaAsi_xPx  construction  is  a forward  Iniection  luminous  material 
of  p-n  connection.  This  material  is  ustially  produced  bi'r  usin(»  closed- 
pipe  diffusion  method  with  ZnAsp  + P as  dl^'fusiny  media.  In  this  way, 
however,  the  techniqvxes  required  are  complicated,  reprodtcibility  is 
low,  poisonous  and  costly.  Espocialljj  the  vapour  pressure  of  the 
diffusion  source  is  high,  so  it  often  results  in  high  degree  of 
concentration  on  the  surface.  As  a consequence,  its  luminous  efficiency 
is  low  and  its  defects  become  more.  In  order  to  improve  the  quality 
of  the  material  and  overcome  the  defecta’  of  the  closed-pipe  method, 

In  recent  years,  the  open-pipe  diffusion  method  using  ainc  as  direct 
diffusion  soiarce  has  deteloped. 
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?br  the  purpose  of  lowerin'^  the  drive  current  of  luminous 
material  Ga\si_xPx  pronotinf’  its  luminous  efficiencrr,  we  in  o'or 
factor'^  iindertalce  an  experiment  of  open-pipe  zinc  diffusion,  and  have 
also  tried  to  ma!ce  production  of  limited  qu'’jitity.  The  results  show 
that  in  improvlnr^  the  characteristl  cs  of  th  ’ s liminous  material,  it 
's  not  only  better  thai"  the  closed-pipe  method,  and  also  the  technicn.ies 
reouired  are  sLmple,  cost  is  low,  and  above  all  it  is  "ood  for 
production. 

I,  Design 

(1)  0aAs]^_3jP^  material  is  of  a stmic-f-ure  of  hybrid  cr'^stal  of 

GaAs  and  OaP,  The  width  of  forbidden  band  and  the  pattern  of  radiative 
transition  of  GaAs  and  GaP  are  not  the  same,  therefore,  t'''.e  width  of 
forbidden  band  a„nd  the  patem  of  ratiat’ve  transition  of  Ga.Asi_xPx  ’'■‘ary 
following  the  hybrid  cr-'stal  ratio  X.  'Flrure  1 iHustrates  the 
relationship  between  the  cr”stal  constituents  and  the  energy  band 
structure  of  GaAsi^oc^x  • 

The  chani^e  of  t''e  width  of  forbidden  band  suggests  the  difference 
in  ener'p'’  of  radiative  quantlum,  Because  of  this,  the  Iviminous  colors 
as  can  be  seen  are  different.  The  other  reason  i^of  coursoj  that 
the  light  sensitivity  of  human  eyes  is  different  to  various  len-th  of 
ll^t  \mves«  As  far  as  the  pattern  of  radiative  transition  is  concerned, 
the  quantlum  efficiency  of  direct  transition  is  alwa,vs  much  larger 
than  that  of  indirect  transition.  So  hiunan  reaction  to  the  intensity 
of  brightness  of  luminous  articles  is  as  a rule  affected  by  the 
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efficiency  of  radiative  qunnt/un  and  homan  li-’ht  aennitivity  when 
various  length  of  li"ht  waves  co~.es  into  e 'es.  Sbrperinent  proves 
that  the  ext' rn'’JL  quantum,  e^'ficienc:;'  of  GaAsl-xPx  na‘ erial,  followin'' 
the  ei 'cnradiative  wave  of  GaAs  and  GaP,  vrill  increase  as  the  radiative 
length  increased,  but  the  li'^ht  sensitivity  of  hiinan  eyes  will  reduce 
as  that  r-adiative  wave  len^d^h  increased.  So  the  reaction  of  humaji 
eves  to  the  brightness  of  Iminous  articles  at  a certain  liyht  wa-'-e 
len-th  must  have  its  best  value.  As  indi-caled  in  Tiraare  2 and  Pirure  3, 
f'.e  best  value  is  at  6600 A,  wiiich  corresponds  to  forbidden  band  iri.dth 
of  GaAsi_xPv,  5^  = l.GBev,  the  hybrid  cr'ostal  ratio  X—  0.4.  We, 
the.-efore  chose  to  use  GaAs.  cPn  k material. 


Figiure  1 GaAsi^jjPjP  oyrsteil  Plpire  2 

constituents  and  ener.i^r 


Relationship  of  (a) 
external  quantium 
efficiency, (b)  light 
sensitivity,  an^  (c) 
antipodal  light  and 
wave  length  of  GaAsi^xPx 
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3 Relationship  of  forbidden  band  width  jte 
^ and  hybrid  crystal  ratio  X of  QaAai»x?jc 
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(2)  As  P-t’^pe  repiion  of  *^0.6^0. 4 P“”  connection  is  the  main 
luminescence  region,  vre  select  n-t’/pe  GaAso.6Po.4  base  material 
and  the  Udiation  acceptor  Impurity  (Zn)  forms  a p-n  connection.  Such 
a structure  enables  the  li'^ht  qaantum  of  p-n  connection  to  radiate 
only  throu-’h  a thin  P-t:/pe  film.  It  t''us  reduces  the  absorption  loss 
and  increase  luminous  exitance  e'*''lciency. 


To  such  iniection  I’aminous  articles  we  must  pay  attention  to 
the  structure  of  p-n  connection.  Its  iniection  e‘'cicien(r/’  is  formulated 
as  follows: 


Ilio  electrons;  injected  into  P re;?ion  recombines  with  the  cavities 
there, and  the  high  injection  efficiencc/’  of  luminous  emission  quantum 
can  reduce  the  luminescence  current  and  increase  luminescence  efficiency. 
It  is  therefore  hoped  that  the  concentration  of  base  nate''ial  donor  Np 
can  be  larger.  But  the  injected  electrx>ns  often  pass  through  P-type 
region  and  recombine  with  the  ener.gy  level  of  acceptcsr  and  demands 
the  concentration  of  acceptor  and  Nq  to  have  considerable  nximerioal 
value.  In  p-n  connection  formed  by  radiation  method,  the  concentration 
of  radiation  accentor  impurity  must  be  gt  P-typi’  region  greater 
than  the  concentration  of  base  material  donor  impurity  Np.  Pbr  having 
a possible  lar<re  injection  efficiency,  it  is  hoped  that  . 


As  for  a„andu„ 


it  is  U8ually>u„>i»., , but  after 
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Njj  > 10^  C>n“3j  u^is  rapidl"  reduced  follovri-nr  the  increase  of  Np. 

When  Nq  > 10^  p— n connection  breakin*^  down  the  current  pressure 

also  rapidly  becones  low.  So  the  selection  of  n-type  '^'SAsq.^Po  4> 

Np  = 10^’^crr3  as  base  material  is  yood  to  minimize  the  defect'"  brought 
in  by  impurities,  to  promote  luminescence  efficiency  and  to  lower 
luminescence  current.  It  also  enables  p-n  connection  to  break  down 
the  current  pressure  Vg  > 15V. 

(3)  The  li'^ht  emitted  from  t''e  rec'ion  of  p-n  connection  must 
pass  throu/^h  the  thin  film  at  P-t^jpe  region  in  order  to  ro  out.  But 
because  of  the  .•^•ound  state  absorption  of  the  semiconductor  at  P-type 
region,  the  luminous  exitance  is  lowered.  So  the  (Junction  deptht  there 
can  not  be  too  deep  and  it  can  not  be  too  shallow  either. If  it  is  too 
shallow,  the  carriers  injected  in,  be ''ore  havinc  completely  recombined 
with  the  cavities,  will  enter  into  the  o'mic  electrode,  and  the  effect 
of  nonradiation  recombination  on  the  surface  is  strengthened.  As  a 
result,  the  luminescence  eTficiency  'becomes  low. 


Notice  the  reohriibination  of  the  samll  number  of  carriers  and  the 
lipht  absorption  phenomenon,  for  ha'ylng  the  lar.-est  luminous  intensity, 
there  must  be  a very  good  ]^ii^>»ahear ( jt^ctlon  depth). 


S 

The  Chinese  word  chleh-shen.  which  iiterallv  means  "knot  deep",  is 
tentatively  translated  as  Tijuactlon  d^th*^*-  And  hereafter  a bilingual 
combination  of  ehieh-shen  ( Junction  depth)J  is  used  in  this  work  — 
the  translator. 
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Here  - chieh-shen  (depression  knot)  when  total  luminous 

intensity  is  the  largest, 
a - GaAsi_xPx  li^T^t  absorption  coefficient. 

L - the  diffusion  len-'-th  of  electrons  at  P-type  region. 

Takinp  a model  value  of  each  asrect,  a — '^OOCm~l,  L,  = lu, 
then  XiTTax  — 2. 5u.  We  therefore  select  Ximax  = 2.5u. 

(4)  When  a p-n  connection  is  formed  by  diffusion  method,  the 
concentration  of  donor  Impurity  makes  a distribution  of  excess  error 
function,  and  then  a distribution  of  dec^eleration  electric  field  of 
the  injected  electrons  takes  shape.  Thus  the  electons  tend  to  be  limited 
to  the  electric  charge  recombination  beside  P-t’/pe  re-ion  of  p-n 
connection,  and  the  effect  of  P-type  film  absorption  on  luminous  exitcnce 
becomes  :yreater.  So  in  order  to  lessen  the  ladder-t:T>e  distribution 
of  P-type  realon  donor’s  concentration, and  to  reduce  the  self-made 
electric  fields,  the  surface  concentration  must  be  diminished.  This 
leads  to  make  the  most  part  of  P-t;'^e  region  as  luminous  emission  zone 
and  to  minimize  absorption  loss.  It  is  three**ore  hoped  that  the  donor's 
surface  concentration  is  lOl^cm”^. 

In  addition,  the  quality  of  p-n  connection  formation  will  have 
great  effect  on  the  quality  of  lu'^lnescence . We  believe  that  in  the 
structure  and  the  making  of  the  connection,  the  introduction  of  non- 
radiation  recombination  must  be  limited  to  the  least.  Por  achieving 
this,  attention  should  be  paid  to  the  effect,  of Jthe' quality' of .base 
materials  and  techniques  applied. 
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There  is  a close  relationship  between  luminous  exltence  of*  the 
luminescence  diode  and  the  wam  of  manufecturin"  it  and  its  anpe?ra’'ce. 

II.  Bfnerlment 

There  are  two  tjrpes  of  luminous  articles,  the  terr-’ce-f-’ced  and 
the  plane.  So  far  as  the  e'*^ect1ve  area  of  luminescence  and  the 
electric  capability  of  the  articles  are  concerned,  the  plane  type  is 
better  than  the  tei*raco— faced  one.  In  this  exneriment,  we  use  zinc 
di'* fusion  and  plane  techniques. 

(1)  Selection  and  nanufacturin*^  of  film  materials  used  to  cover 

di ''fusion.  Based  on  our  extern 'nent  conditons.  we  use  Si^N/^  as  film 
material  to  cover  dl ''fusion,  and  use  hirrh  heatinq  reaction  of  + 

3IH4  + qroup  to  prepare  Sl^N^, 

(2)  Selection  and  manu^acturi  n/»  of  sur^'ace  protection  film 
materials.  Under  hi<^  temperature,  the  surface  of  GaAsP  material  has 
serious  corrosion  by  zinc  vapour.  In  order  to  lead  zinc  atomic  di''^sion 
entering  ' into  the  crystal  and  to  have  perfect  surface,  the  surface 
protection  film  must  be  used.  At  the  same  time,  in  the  open-pipe 
diffusion,  because  of  the  absence  of  P As  vaporlzhtion  protection  crystal 
under  high  temperature,  P As  atom  will  volatilize  from  GaAsP  crystal 

and  change  their  proportion.  This  is  why  we  use  surfacr  protection 
film. 

To  use  3102  as  surface  protection  film  has  two-fold  advantar-es, 
the  * 

Onions  handy  it  does  not  block  zinc  at«n  fxawi  enterin"  into  the  ci^stal 
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to  diffuse,  and  on  the  other  hand, it  can  prevent  corrosion  of  the 
surface  and  the  chanf^e  of  ratio  between  phosphorus  and  arsenic.  We 
use  ethyl  silicate  low  tenperature  sedimentation  method  to  prepare 
SiO^  protection  film. 

(3)  Selection  ofiforraation  "as.  ’Hement  zinc  is  var’^  active, and 
under  hi'h  tenperature,  it  is  easy  to  be  oxidized.  Ga’^P  under  high 
tenperature  is  also  easy  to  be  oxidized.  So  the  selection  of*  formation 
gas  for  open-pipe  di^'^tision  and  the  techniques  deserve  careful  and 
detailed  consideration, 

Fbr  the  purpose  of  protecting  zinc  soiu*ce  and  Oa\sP  cr”'stal  nlate 
from  oxldktlbh  . under  high  tenperature,  we  use  highly  pure  N2  and 
as  formation  "as.  To  add  because  of  its  reducibility,  xd.ll 
achieve  a better  protection  from  1 obdLdation  After  putting  it  into 
model  pieces,  let  the  excess  ox^rgen  be  thoroughly  expelled,  and  then 
place  the  model  piece  under  himh  temperature  to  difAise. 

(4)  Procedures  of  Applx'^ing  Techniques.  Pimre  4 Illustrates 
the  procedures: 
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(a)  base  inaterial  (b)  'Trowin''  of  Si^N^  (c)'''rst  tirie  let  li'*ht  in 
(4)'  'TTOwin"'  o^  SiOo  (e)  zinc  di  '’''\islon  (f)  second  time  let  lif^httn 
(g)  vapc^ization  electr-ide  (h)no  li-'ht  in  ‘■f' 

Finore  4 Uain  tec'jiical  proced’ircs  of  mJcinn  the 
open-pine  experirient 


(5)  Conditions  of  Si3N4  Growth,  SiO^  Growth  'and  Zn  Diffusion 
Eicperljnent 

(l)Si3N4  Film  Growth 

Vfo  use  SiH4  + N2H4  + H?,  group  hi^h  heatinr  reaction  method. 
Pirure  5 Illustrates  the  principles  of  setting  up  Si3N4  'Tx>wth 
experiment. 

The  chemical  .'equation  is  as  follows* 

H, 

— ‘SuN.t +iNH,t  ♦•Hit  The  reaction  temperature 

A . ' . 

is  about  750°C  - ^00°p,  If  the  temperature  is  too  high,  it  will 
result  in  film  crack.  Through  controllng  of  the  quantity  of 
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flow,  the  speed  of  Towth  of  SiH;,,  a":d  Hp  is  nanaTed  at 

a rate  of  about  250A/i'dn,  E^roerinent  proves  that  thei'e  are  about 
25'“’0A  "iln  in  f’e  fom  of  sediment  on  GaAsi^x^x 

plate,  and  their  effect  of  coverin-r  Zn  diffusion  is  very  vood. 


Fl  mre  5 DLa/rrar  of  Installation 'for  ftcpeiliinent  of 
Si3ll^  fprowth 

(jJ)  3i0p  Protection  Film  Grewth 

’Je  use  ethyl  silicate  vacuum  hot  decormosition  method  to 

deposit  nOp  film  as  indicated  in  Firure  6.  The  chemical 

equation  is  as  follows: 

SKOC,  HJ,  — .SIO,  I ♦ H.  t CO  t ♦ CH.  T ♦ — - 
^ ‘ 

To  ad.iust  the  degree  of  vacuum  appropridtel^,  at  terperat’ure 
680°C  and  source  temperature  23°C,  the  speed  of  deposition  is 
about  4DAA>in.  Select  those  protection  films,  of  which  the 
thickness  is  2000l  ^ 3000A, 


Figure  6 InstaJation  of  hot  decomposition  to 
deposite  SIO^ 


25 


I 


f 


(3)  Di.f fusion 

We  nrlont  open-pipe  diffusion  method  of  double  tenpenture 
zone  and  control  the  source  temperature  Tz  and  flalce  temperat  ire 
Tw  respefitivel^T',  Place  zinc  at  the  source  to"Tieratiu:*e  zone, 
and  GcAsP  cr''stal  flajce  at  the  flake  temperatTure  zone,  and  use 
hirhlr  pure  N2  + to  brin."^  the  source  rapour  to  the  fla.’:e 
tenperat'ire  zone  to  start  and  carry  on  di^’fusion.  ’^"he  dia'-ran 
of  instalation  is  shown  in  PiTure 

The  diffusion  soiirce  is  99.999%  pure  zinc,  and  its  color 
becomes  silver  '•rev  after  beinr  rinsed  in  ?fCl:HoO.  The  ; soutfte. 
qOajfitity  is  determnined  by  source  temperat\ire,qiiantity  of 
vapour  and  the  len'^ih  of  time  used  for  di '’fusion,  (under  our 
t:/pical  condition  of  exneriment,  the  source  quantity  is  about 
2/^3  g» ) 


TIA 


n=>- 


Figure  7 magran  of  the  principle  of  f'^stailatlon 
for  open-pipe  di''fusion 


After  placing  the  soturce  and  flaires  into  quartz  tube, 
the  important  measure  taken  is  to  expel  the  excess  oxygen.  This 
will  guarantee  that  the  source  will  not  be  oxidized  and  that 
the  dlf'hiaion  will  be  normal.  Vte  first  place  the  source  and  the 
flakes  according  to  the  opposite  position  of  temperature  zone, 
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and  the:'-  'U’e  all  at  the  low  temperature  outside  the  tamporat'ire 
zone,  :^irst  let  the  ';i''hly  pure  ’Ip  flow  in  ‘’or  15  minutes,  t''on 
Ib  + Up  mixture  for  15  minutes,  Finall:/-  move  the  quartz  tube  and 
let  both  S'-'urce  and  flahes  enter  into  diffusion  temnerature  zone 
to  diffuse,  15  minutes  before  the  endin'’  of  di'-fuslon,  close  Hp 
and  . nee  No  to  push  the  remnant  Up  out. 

Typ'cal  di^'hasion  conditions: 

Temperat-ure : ^la’<e  temperature  Tw  = :505°C;  source  temperature 

T2^=  'vrooc. 

Time:  '^5*  (including  iftes  movlnp  the' quartz  tube  in  10*  to 


raise  te"peratm*e  to  the  degree  of  noinal  di^^sion,  and  the 
time  used  for  expelling  the  remnant  Hp) 

Gas  flow  quantity:  Np  ^ 230nl/min,  Hp  ~ 150ml/mln.  /Ihen  it  is 
used  to  exnel  remnant  Hp,  Np  550ml/rain. 

Di^'fusion  result:  X,s».s:<  R.«so—60fl/B  , if  the  di '’fusion  result 

is  reqttired  -fco  change, it  must  berin  with  changing  temperature 
and  the  len'dih  of  time  of  diffusion  and  -to  conduct  fiuther 
experiment. 


III,  Rest0.t  and  Discussion 


The  effect  of  SlOp  protection  film  on  dlf'hision  parameter. 
SlOp  protection  film  of  different  thickness  diffuse  under  conditions 
that  Tw  = 805°C,  T^=  and  diffusion  time  = 120',  the  result 
will  be  that  as  Ind'oated  in  Table  1. 
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Table  I 


Relatlonshp  of  SiOg  Thickness, chieh-shen  (Junction  depth  ) 
nnd  Film  Electric  feslstance 


► 


UgRoggi 

f’lm  color 

thickness 

li)  • ' 

chieh-sh^ 

U) 

R.  (fl/«  ) 

20’ 

dark  blue 

mrrrm 

3 

'^2 

pood 

30’ 

ll"ht  blue 

1500 

3 . 

5L 

f'ood 

AO’ 

fcfrgEM 

2000 

3 

. 65. 

"rood 

50' 

yellev 

to  red 

mm 

3 

60 

vood 

0’ 

no 

0 

_5 

- 2A. 

corroded 

’’Votn  -i  iove  Table,  it  can  be  seen  t"at  SiO^  t'^ickness  has  no  e^^'ect 
on  chieh-shen  (.Jiinctiofa  depth  ),  But  the  tendencv  of  H nur’.erical  value 
sur-’ests  that  SiOp  thickness  has  effect  on  reducing  surface  concen- 
tration of  di^'Usion.  Obviously,  R of  open-pipe  method  is  'greater 
than  that  of  closed-pipe  method.  This  means  that  the  snirface  concentration 
of  open-pipe  diffusion  is  lower  than  that  of  closed-pipe  diffusion. 

Attain  from  Table  II,  we  can  see  that  the  increase  of  SiOa  thickness 
can  in^jrove  luminescence  qxiality.  This  is  probably  related  to  the 
fact  that  because  of  the  increase  of  SiOa  thickness,  the  concentration 
of  diffusion  surface  donor  is  decreased  and  this  leads  to  lessen  the 
dsfdet  at  P-trTJe  region  and  the  ladder-t’^pe  reduction  of  the  concen- 
tration of  acceptor  impurity.  However,  SlOp  film  can  not  be  too  thick, 
if  Slop  film  can  not  match  the  quedity  of  thermal  expansion  of  the 
base  material,  crack  s will  occurs  and  consequently  it  will  have  no 
function  of  surface  protection.  When  the  thickness  of  SiOp  Is  mailer 
than  hWA,  It  can  not  protect  the  surface  either.  So  we  select  SlOp 
film  with  thickness  of  200oA  - 3OOOA  as  protection  film, 
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Table  II  Relationship  Between  Thicknes  ■ of  SiOp 


Film  and  Br’rhtnese- 

SiOothickness  (1) 

c'-'ieh-shen  CuJ 

antipodal  brightness 

1000 

_ 3.'' 

16  

1250 

. 3.'^ 

19 

2000 

3.'? 

24 

3000 

2x2 

21 

(2)  Relnt’onship  between  luirinescenee  cha^ae '■eristics  and  chieh- 
shen  (jnuction  dept"),  Fifrire  ^ illustrates  the  relationship  between 
liininescence  characteristics  of  1’  ninescence  diode  and  chieh-shen 
( function  depth),  ?rora  the  curve  line  in  the  Fi'mre,  it  can  be  seen 
that  at  a certain  munerical  ■''alue  of  chieh-shen  (’’unct-fon  depth),  there 
lies  the  '•neatest  brightness.  If  c^'leh-shen  (junction  depth)  is  too 
shallow,  the  luminous  effic  ency  will  beco’-e  low  because  de^'’ects  at 
P-t:rpe  re~lon  increase  and  the  elements  of  non-radiation  recombination 

become  more,  and  also  a part  of 
unbalance  'carriers  enter  in'to 


electrode  before  they  have  chance 


to  be  recombined.  However,  if 
chieh-shen  (junction  depth)  is  -too 
deep,  the  qunntlum  of  p-n  connection 

Plrure  8 Relationship  between 

Brif^tness  and  chleh-  can  radiate  only  after  passlnp^ 
shen  (junction  depth) 

through  P-t’/pe  film,  and  the 

Increase  of  li-’ht  absorption  at  P-trrpe  re'^ion  lowers  the  efficiency  of  the 
aocter-nal  quantium,  Prom  what  the  cujrve  ind' cates  in  the  Plrure,  chieh- 
shen  (junction  depth)  X should  be  2,5  * 3* 5a. 


With  sane  chieh-shen  (^Diction  depth),  but  the  diffusion  source 
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tenp^’ra■^'u^e  Tz  Tnd  the  ternponture  Tw  changed  and  the  inpurity 

distr’bution  the  connection  also  chan'^ed,  this  will  affect 
luminescence  quality  as  well.  So  te^erature  is  also  an  imnortant  f.actrr. 


(3)  Peak  wave  len'dih  and  half  \ri.dth  of  irive  len"'th.  1^'^jre  9 
shows  the  curve  of  spectrum  characteristics  Tinder  f-e  t’-pical  condition 
of  experiment. 


ifpora  a surve;/,  it  becomes  known  t 
the  peak  wave  len-dih  of  the  radiation 
spectrum  of  Ga\So^6lP(j^39  luminous 

O 

diode  is  6520A.  Prom  the  relation 
curve  of  the  constituents  ratio  X of 
GaAs]^_jjPjj  material  and  the  width  of 
forbidden  band,  it  is  found  out  that 
when  X = 0,39,  f'e  width  of  forbidden 
band  Is  l,9eV  and  the  peak  wave  length 
of  radiation  is  about  6520A,  This  prov( 
arsenic  remain  unchan/^ed. 


Piyure  9 Distribution  curve 
of  spectrum  of 
luminescence  diode 
in  a plane-t'rpe  open- 
pipe  dif'hislon 

that  the  ratio  of  phosphorus  dnd 


The  half  width  of  luminescence  spectrum  is  about  2?^0A,  and  it  is 
basically  symmetrical  to  extend  toirard  the  lonp  wave  and  the  s’  ort  wave. 
Extension  toward  the  direction  of  short  wave  is  the  result  of  indirect 
transition,  and  towa.rd  the  direction  of  long  wave  reflects  'a  fact  that 
various  lumlnoscenae  energy  levels  exist  In  the  forbidden  band.  If  the 
homogeneity  of  materials  can  be  improved  and  a strldt.  rule  to  prevent 
the  introduction  of  external  Inqmritles  oan  be  worked  out  in  techniques. 
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the  hnlf  \/idth  of  spectrum  can  be  further  reduced. 


(4)  T}ie  covering  effect  of  diffusion.  Escperinent  surpests 
that  if  the  temperature  of  313^14  groxrth  is  too  hirh  and  the  speed  of 
growth  is  too  hlp^h,  cracks  of  SI3N4  vdll  occur  (caused  by  imbiUty  to 
match  the  'qualit,v  of  thermal  expansion).  Then  there  \d.ll  be  no  action 
of  coverinfT  dif^hision.  However,  when  the  thickness  of  313114  is  less 
than  1500^, even  ^he  q'uality  of  growth  is  f'ood,  there  will  be  no  way  to 
avo’d  that  zinc  atoms  by  breaking  down  the  oovarlng  fiM  -enter  into 
the  crystal  and  fora  a shallow  p-n  connection  on  the  flake  as  indicated 
in  Pigiire  10,  This  shallow  junction  can  be  exposed  by  exposing  liquid, 
but  it  e,an  not  become  luminescent  even  it  is  given  a forward  bias.  So 
far  as  the  luminescence  efficiency  is  concerned,  it  seems  to  have  some 
covering  faction  because  the  drUve  current  increased.  When  the  thick- 
ness of  SI3N4  increased  to  20004  - 3000X,  this  shallow  junction  dlsapears, 
and  the  action  of  covering  begins.  We  usually  use  313114  film  of  2500)i, 
and  the  covering  effect  is  very  good. 


Figure  ID  As  SljU/  film  Figure  11  Transverse 

is  too  -Chin  and  diffusion 

can  not  have  the 
covering  function, 
at  the  lower  part  of 
covering  film  P"-aaAsi_xPx 
film  Is  formed. 
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experinent,  we  ''ound  tr'>nsverse  di '’fusion  phenonfjion  as 
Illustrated  In  Flnire  11,  TJie  transverse  dif'\islon  was  produced  Irr 


the  stress  between  Sl3N^  filme  and  er-'stal.  Due  to  the 

existence  of  this  stress,  on  the  boundaTpr  '’ace  the'-e  is  a position 
error.  Zinc  atons  following  those  defects  rapidlv  diffixse  and  enlar{»e 
the  size  of  f^e  junction,  increase  the  drive  current  and  lower  the 
luninescence  e'’ficiency» 

The  existence  of  transverse  dif^sion  is  the  inherent  defect  of 
uslnv  Si^N^  as  ooverinp  jnaterlal.  It  a-'‘fects  In  a certain  depree  the 
electroluninescence  qualitv  of  articles.  Recently  and  phosphor- 

silicate^ glass  as  covering  mterial.  The  quality;-  of  thermal  expansion 
of  these  materials  is  verr  close  to  that  of  GaAsP  material,  they  can 
diminish  transverse  diffusion  and  Improve  the  quality  of  articles. 
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